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[57] ABSTRACT 

A chemical coating apparatus has a heat exchanger 
disposed along a pipe for transporting a chemical for 
adjusting the temperature of the chemical to a predeter- 
mined value through a corresponding flow of constant- 
temperature water. Further, a temperature detector is 
provided in the vicinity of a nozzle through which the 
chemical is discharged to detect the temperature of the 
const ant- temperature water. Therefore, it is possible to 
make uniform the thickness of chemical films applied to 
objects. 

8 Claims, 3 Drawing Sheets 
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CHEMICAL COATING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
The present invention relates to a chemical coating 

apparatus which has a chemical pipe through which a 
chemical flows, and a heat exchanger disposed along at 
least part of the chemical pipe and in which the temper- 
ature of the chemical is adjusted to a predetermined 10 
value by the heat exchanger. 

2. Description of the Related Art 

A chemical coating apparatus of this type is used in 
various forms. It is known, for example, as a resist 
coater which is used to apply a resist on the surface of 15 
a semiconductor wafer during the process of manufac- 
turing semiconductor devices. 

FIG. 1 shows the arrangement of such a known resist 
coater. With this apparatus, a semiconductor wafer 3 is 
attached by means of vacuum to a rotary chuck 2 dis- 20 
posed in a cup 1, a coating is applied by dropping resist 
liquid 5 onto the semiconductor wafer 3 while the wafer 
3 is being rotated by the operation of a chuck rotating 
motor 4. 

The resist liquid 5 applied to the semiconductor 25 
wafer 3 is supplied by a resist liquid supply device (not 
shown), and is then subjected to indirect exchange of 
heat in a heat exchanger 6 through which constant-tem- 
perature water 7 having an adjusted temperature circu- 
lates, thereby adjusting the temperature of the resist 30 
liquid 5. After the resist has had its temperature adjusted 
in this way, it flows through a chemical pipe 9, such as 
a Teflon tube, and is then discharged from a chemical 
nozzle 8 to coat the semiconductor wafer 3. 

With the known resist coating apparatus, however, 35 
since the resist liquid 5 at the tip of the nozzle 8 is easily 
influenced by the peripheral temperature, the thickness 
of a resist film applied to the semiconductor wafer 3 
tends to vary to a great extent. It is therefore difficult to 
control the thickness of the resist film, resulting in vari- 40 
ous problems. For instance, the film thickness may vary 
within the surface of a single semiconductor wafer, and 
it may also vary among a plurality of wafers. 
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The present invention has been accomplished to pre- 
vent the above-described problems. It is an object of the 
present invention to provide a chemical coating appara- 
tus, such as a resist coater, which is capable of adjusting 
the temperature of the chemical, such as the resist, 50 
along its path of travel from a source to and including 
the discharge and which is thus capable of forming a 
film with a uniform thickness on the surface of an ob- 
ject, such as a semiconductor wafer. 

Another object of the present invention is to provide 55 
a chemical coating apparatus which is capable of posi- 
tively adjusting the temperature of the chemical to a 
predetermined value in spite of the fact that the chemi- 
cal, such as a resist liquid, which is to be supplied to the 
surface of a semiconductor wafer, is influenced by the 60 
temperature of external air surrounding the chemical 
pipe. 

According to one aspect of the present invention, a 
chemical coating apparatus comprises: a pipe having 
one end connected to means for supplying a chemical 65 
and the other end positioned opposite an object to be 
coated with the chemical for transporting the chemical 
chemical; a nozzle connected to the other end of the 



pipe for dropping the chemical to the surface of the 
object to be coated; a main heat exchanger disposed 
along at least part of the pipe for effecting exchange of 
heat with the chemical; and an auxiliary heat exchanger 
disposed between the main heat exchanger and the 
surrounding nozzle the part of the pipe that extends 
therebetween for effecting exchange of heat with the 
chemical. 

According to another aspect of the present invention, 
a coating apparatus comprises: a chemical pipe having 
one end connected to means for supplying a chemical 
and the other end positioned opposite an object to be 
coated with the chemical for transporting the chemical; 
a nozzle connected to the other end of the pipe for 
dropping the chemical to the surface of the object to be 
coated; and a heat exchanger disposed along the pipe 
for adjusting the temperature of the chemical to a pre- 
determined value by the flow of constant-temperature 
water through the best exchanger, the heat exchanger 
comprising a first heat exchanging pipe and a second 
heat exchanging pipe, the first heat exchanging pipe 
being disposed generally parallel to the pipe, and having 
one end connected to constant-temperature water cir- 
culating means and the other end disposed in and open- 
ing in the vicinity of the nozzle disposed at the other 
end of the pipe for the flow of constant-temperature 
therethrough, and the second heat exchanging pipe 
being disposed surrounding the first heat exchanging 
pipe and the pipe, and communicating with the end of 
the first heat exchanging pipe opening in the vicinity of 
the nozzle for the flow of constant-temperature water 
therethrough. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view schematically illustrating a known 
resist coater; 

FIG. 2 is a sectional view schematically illustrating a 
resist coater in accordance with a first embodiment of 
the present invention; 

FIG. 3 is an enlarged sectional view of the part of the 
resist coater shown in FIG. 2 which is encircled by the 
broken line III in FIG. 2; 

FIG. 4 is a sectional view schematically illustrating a 
resist coater in accordance with a second embodiment 
of the present invention; 

FIG. 5 is a cross-sectional view of a heat exchanger 
shown in FIG. 4 taken along the line V — V shown in 
FIG. 4; 

FIG. 6 is a sectional view schematically illustrating a 
resist coater in accordance with a third embodiment of 
the present invention; and 

FIG. 7 is a cross-sectional view taken along the line 
VII— VII shown in FIG. 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 2 shows the arrangement of a chemical coating 
apparatus in accordance with a first embodiment of the 
present invention. Referring to the figure, the apparatus 
has a pipe 9 through which a chemical 5, such as resist 
liquid, flows, and a nozzle 8 connected to the pipe 9. A 
main heat exchanger 10 is disposed in correspondence 
with at least a portion of the pipe 9, and is provided for 
effecting exchange of heat with the resist liquid 5. The 
interior of the main heat exchanger 10 is supplied with* 
constant-temperature water 7 by a constant-tempera- 
ture water circulating means (not shown) to enable 
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adequate contact between the constant-temperature positioned above the rotary chuck 2. When resist liquid 

water 7 and the portion of the pipe 9 within heat ex- 5 is to be applied to the semiconductor wafer 3, the 

changer 10. The main heat exchanger 10 has a conduit resist liquid 5, serving as a chemical, is dropped from 

10a provided with a constant-temperature water inlet the resist liquid nozzle 8 to the surface of the semicon- 

10c, and a jacket 106 disposed surrounding the conduit 5 ductor wafer 3 while the rotary chuck 2 is kept station- 

10a and a portion of the chemical pipe 9, and provided ary or is being rotated at a low speed by the motor 4. 

with a constant-temperature water outlet lOd through Thereafter, the resist 5 is spread over the entire surface 

which the constant-temperature water 7 is returned to of the semiconductor wafer 3 by centrifugal force gen- 

the circulating means. erated by the rotation of the rotary chuck 2 at a high 

An auxiliary heat exchanger 11 is disposed along a 10 speed, thereby forming a resist film, desirably, with a 

part of the pipe 9 that extends from the main heat ex- uniform thickness. 

changer 10 to the nozzle 8 for effecting exchange of In coating resist liquid, it is necessary to maintain the 
heat with the resist liquid 5. The auxiliary heat ex- viscosity of the resist liquid at a predetermined value, 
changer 11 has first and second heat exchanging pipes and, to this end, the temperature of the resist liquid itself 
11a and 116. The first heat exchanging pipe 11a is con- 15 must be properly adjusted. For this purpose, the appara- 
nected to the conduit 10a to supply the constant-tem- tus in accordance with this embodiment of the present 
perature water 7 through the conduit 10a is deposed invention is provided with a heat exchanger 12. The 
generally parallel to that part of the pipe 9, and is pro- heat exchanger 12 has a predetermined length and a 
vided with an end 11c opening in the vicinity of the cross-sectional structure as shown in FIG. 5, and ex- 
nozzle 8. The second heat exchanging pipe lib is dis- 20 tends substantially the entire length of the resist liquid 
posed between the main heat exchanger 10 and the supply pipe 9 through which the resist liquid 5 flows 
nozzle 8 surrounding the first heat exchanging pipe 11a from a resist liquid supply device (not shown) to the 
and part of the pipe 9, in communication with the open- resist liquid nozzle 8. Further, the apparatus has an 
ing end 11c of the first heat exchanging pipe 11a and arrangement in which the temperature of the resist 
with the jacket 10b of the main heat exchanger 10 for 25 liquid 5 is adjusted to a predetermined set temperature, 
the flow of the constant-temperature water 7 there- indirectly by constant-temperature water 7 which flows 
through. in opposite direction streams within the heat exchanger 

By virtue of this arrangement, the resist liquid 5 is 12. 

subjected to temperature adjustment by the main and Moreover specifically, as best shown in FIG. 5, the 

auxiliary heat exchangers 10 and 11 along the transport 30 heat exchanger 12 comprises a constant-temperature 

path the resist liquid 5 from its source the nozzle 8. water supply pipe 13 disposed in close contact and 

Next, the operation of the apparatus will be de- parallel to the resist liquid supply pipe 9, and a constant- 
scribed. Resist liquid 5, which is to be applied to a semi- temperature water discharge pipe 14 disposed sur- 
conductor wafer 3 is supplied from a resist supply de- rounding the pipe 13 and the resist liquid supply pipe 9. 
vice (not shown) to that portion of the pipe 9, such as a 35 The constant-temperature water supply pipe 13 and the 
Teflon pipe, disposed in the main heat exchanger 10. constant-temperature water discharge pipe 14 are con- 
The resist liquid 5 is subjected to indirect exchange of nected to and communicate with a constant-tempera- 
heat in the heat exchanger 10 through which the con- ture water circulating means 15 disposed outside the 
stant-temperature water 7 at an adjusted temperature resist coater. 

flows. Thereby, the temperature of the resist is adjusted. 40 With this arrangement constant-temperature water 7 

The constant-temperature water 7 is further sent to a is supplied from the constant-temperature water circu- 

point very close to the nozzle 8 by flowing in the auxil- lating means 15 to the constant-temperature water sup- 

iary heat exchanger 11. The constant-temperature ply pipe 13, flows in the pipe 13 to reach an opening end 

water 7 flowing in the heat exchanger 11 exchanges 13a of the pipe 13 where it changes its direction and 

heat with the resist liquid 5 flowing in the Teflon tube 9. 45 flows into the constant-temperature water discharge 

After exchange of heat, the constant-temperature water pipe 14 to be returned to the circulating means 15. The 

7 is returned to the main heat exchanger 10. constant-temperature water circulating means 15 has a 

In the apparatus according to the above-described controller (not shown) provided therein for adjusting 

embodiment, a single Teflon tube is used to supply resist the temperature of constant-temperature water 7 to a 

liquid to the nozzle 8. However, the apparatus may 50 predetermined set temperature. A temperature sensor 

alternatively use two or more Teflon tubes. 16 is disposed at a supply port of the circulating means 

According to the first embodiment, the auxiliary heat 15, and the temperature of the constant-temperature 

exchanger 11 is provided to enable the adjustment of water 7 is controlled on the basis of the difference be- 

the temperature of the resist liquid 5 including at the tween the actual temperature of the water 7, which is 

nozzle, thereby enabling control over the temperature 55 detected by the sensor 16, and a pre-established temper- 

of the resist liquid 5. Consequently, it is possible to ature. 

prevent variation in film thickness within the surface of Similarly to the first embodiment, the above- 

a single semiconductor wafer and among a plurality of described second embodiment achieves, if the apparatus 

wafers, thereby enhancing the uniformity of film thick- is used to apply a chemical coating to an object (e.g., the 

nesses. 60 semiconductor wafer 3), uniform thickness of chemical 

FIG. 4 illustrates a second embodiment of the present films applied to semiconductor wafers, 

invention. A resist coater illustrated there has a rotary FIG. 6 illustrates a third embodiment of the present 

chuck 2 supporting a semiconductor wafer 3 attached invention. In the third embodiment, the basic arrange - 

thereto by means of vacuum, a rotary shaft 4a support- ment and operation of the resist coater is the same as 

ing the rotary chuck 2, a motor 4 for driving the rotary 65 that in the second embodiment, except that the heat 

shaft 4a, a spin cup 1 surrounding the semiconductor exchanger 12 is provided with a temperature detecting 

wafer 3 and the chuck 2, and a resist liquid nozzle 8 means 20 comprising a temperature measuring resistor, 

disposed at the tip of a resist' liquid supply pipe 9 and Therefore, in FIGS. 6 and 7, the same reference numer- 
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als as those in FIGS. 4 and 5 are used to indicate mem- 
bers which are the same as or correspond to those in the 
second embodiment, and detailed explanations of these 
members will be omitted. 

A resist coater in accordance with this embodiment 5 
has a resist liquid supply pipe 9 for supplying resist 
liquid 5 to a nozzle 8, and a heat exchanger 12 of a 
predetermined length which is disposed along the pipe 
9. The heat exchanger 12 comprises a constant-tempera- 
ture water supply pipe 13 disposed in close contact and 10 
in parallel with the resist liquid supply pipe 9, and a 
constant-temperature water discharge pipe 14 disposed 
surrounding the pipe 13 and the resist liquid supply pipe 
9. Each of these pipes 13 and 14 is connected to and 
communicates with a constant-temperature water circu- 15 
lating means 15 disposed outside of the resist coater. 
Further, a temperature detecting means, such as a tem- 
perature measuring resistor 20, is provided at an open- 
ing end 13c of the constant-temperature water supply 
pipe 13, at which constant-temperature water 7 which 20 
has been supplied from the circulating means 15 to the 
constant-temperature water supply pipe 13 flows out 
from the pipe 13, changes its direction of flow, and 
flows into the constant-temperature water discharge 
pipe 14. More specifically, the temperature measuring 25 
resistor 20 is provided inside the constant-temperature 
water discharge pipe 14 at a position in the vicinity of 
the point where the water 7 changes its direction of 
flow to detect the temperature of the constant-tempera- 
ture water 7 at this point of flow direction change. 30 

With the third embodiment, therefore, the tempera- 
ture of the water 7 is detected by the temperature mea- 
suring resistor 20 after the water 7 has completed ex- 
change of heat with the resist liquid 5 flowing through 
the pipe 9 been subjected to the air near the end of pipe 35 
9. The constant-temperature water circulating means 15 
has a controller (not shown) which controls the temper- 
ature of the water 7 on the basis of the thus detected 
actual temperature of the water 7. Constant tempera- 
ture water 7 having had its temperature adjusted to a set 40 
temperature is supplied from the circulating means 15 to 
the supply pipe 13. Accordingly, the temperature of the 
resist liquid 5 which is to be dropped onto the surface of 
a semiconductor wafer 3 is adjusted by the constant- 
temperature water 7 whose temperature has been ad- 45 
justed taking into consideration the influence of the 
external air surrounding the tip of the pipe 9. Therefore, 
the temperature of the resist liquid 5, which is adjusted 
by the constant-temperature water 7 that has had its 
temperature adjusted in this way, is kept from greatly 50 
deviating from the set temperature, thus achieving very 
precise temperature adjustment. 

More specifically, according to the third embodi- 
ment, since the temperature of the constant-temperature 
water 7, flowing in opposite directions inside the heat 55 
exchanger 12 disposed along the pipe 9 through which 
the resist liquid 5 flows, is detected by the temperature 
measuring resistor 20 provided at a position in the vicin- 
ity of the point where the water 7 changes its direction 
of flow, that is, at a position in the vicinity of the open- 60 
ing end 13a of the constant-temperature water supply 
pipe 13, it is possible to detect the actual temperature of 
the water 7 after it has substantially completed ex- 
change of heat with the 5 flowing through the chemical 
pipe 9 and has been subjected to the peripheral air tern- 65 
perature. The thus detected actual temperature of the 
water 7 provides an indirect measure of the actual tem- 
perature of the chemical 5. 



Accordingly, when the temperature of the water 7 is 
controlled by the controller of the constant-tempera- 
ture water circulating means 15 on the basis of the dif- 
ference of the actual temperature detected by the tem- 
perature measuring resistor 20 and a pre-established 
temperature, it is possible to supply constant-tempera- 
ture water 7, having a temperature that has been ad- 
justed to the pre-established temperature, to the heat 
exchanger 12. This feature is effective to prevent the 
temperature of the chemical 5 from deviating from the 
pre-established temperature after the chemical tempera- 
ture has been adjusted by the constant-temperature 
water 7. By virtue of the provision of the above- 
described arrangement, the resist coater is capable of 
positively adjusting the temperature of the resist liquid 
5, which is to be supplied to the surface of a semicon- 
ductor wafer 3, to a predetermined temperature, 
thereby preventing variation in the thickness of the 
resist films caused by the peripheral air temperature, 
and thereby enabling resist films which are uniform in 
thickness to be formed on the surface of semiconductor 
wafers. 

Although, in the foregoing descriptions, the present 
invention is applied to resist coaters, the present inven- 
tion is not limited thereto. It may alternatively be ap- 
plied to an apparatus requiring the adjustment of the 
temperature of a chemical, such as a developing appara- 
tus. 

What is claimed is: 

1. A chemical coating apparatus comprising: 

a chemical supply pipe having a first end connected 
to means for supplying a chemical and a second 
end positioned opposite an object to be coated with 
the chemical for transporting the chemical from 
the first end to the second end; 

a nozzle connected to the second end of said pipe 
opposite the object for applying said chemical to 
the object to be coated; 

a main heat exchanger disposed along at least part of 
said pipe for bringing at least part of said pipe into 
contact with a heat exchanging fluid for exchang- 
ing heat with said chemical comprising an inlet for 
admitting the heat exchanging fluid to said heat 
exchanger and an outlet for discharging the heat 
exchanging fluid from said main heat exchanger; 
and 

an auxiliary heat exchanger disposed between said 
main heat exchanger and said nozzle surrounding 
the part of said pipe that extends therebetween for 
exchanging heat with said chemical comprising a 
first heat exchanging pipe and a second heat ex- 
changing pipe, said first heat exchanging pipe (i) 
being connected to said main heat exchanger for 
flow of the heat exchanging fluid from said main 
heat exchanger into said first heat exchanging pipe, 
(ii) being disposed parallel to at least part of said 
chemical supply pipe, and (iii) having an end open- 
ing in the vicinity of said nozzle, said second heat 
exchanging pipe being disposed (i) surrounding 
said first heat exchanging pipe and at least part of 
said chemical supply pipe, (ii) communicating with 
said end of said first heat exchanging pipe opening 
in the vicinity of said nozzle, and (iii) being con- 
nected to said main heat exchanger for the flow of 
the heat exchanging fluid thereto. 

2. An apparatus according to claim 1, wherein said 
chemical coating apparatus is a resist coater, said chemi- 



cal is a resist liquid, and said object to be coated is a 
semiconductor wafer. 

3. A chemical coating apparatus comprising: 

a chemical supply pipe having a first end connected 
to means for supplying a chemical and a second 
end positioned opposite an object to be coated with 
the chemical for transporting the chemical from 
the first end to the second end; 

a nozzle connected to the second end of said pipe 
opposite the object for applying said chemical to 
the object to be coated; and 

a heat exchanger disposed along said pipe for adjust- 
ing the temperature of the chemical to a predeter- 
mined value, said heat exchanger comprising first 
and second heat exchanging pipes for the flow of a 
heat exchanging fluid therethrough, said first heat 
exchanging pipe being disposed parallel to at least 
part of said chemical supply pipe and having a first 
end for admitting the heat exchanging fluid and a 
second end disposed and opening in the vicinity of 
said nozzle, said second heat exchanging pipe being 
disposed surrounding said first heat exchanging 
pipe and at least part of said chemical supply pipe 
and communicating with said second end of said 



first heat exchanging pipe for the flow of the heat 
exchanging fluid therethrough. 

4. An apparatus according to claim 3, wherein said 
chemical coating apparatus is a resist coater, said chemi- 

5 cal is a resist liquid, and said object to be coated is a 
semiconductor wafer. 

5. An apparatus according to claim 3 comprising 
temperature detecting means disposed in the vicinity of 
said second end of said first heat exchanging pipe for 

10 detecting the temperature of the heat exchanging fluid 
and for transmitting the detected temperature to means 
for controlling the temperature of the heat exchanging 
fluid. 

6. An apparatus according to claim 5 wherein said 
15 temperature detecting means comprises a resistor hav~ 

ing a resistance that varies with temperature. 

7. An apparatus according to claim 5 wherein said 
first heat exchanging pipe is arranged for supplying the 
heat exchanging fluid and said second heat exchanging 

20 pipe is arranged for discharging the heat exchanging 
fluid. 

8. An apparatus according to claim 3 wherein said 

heat exchanger is disposed along substantially the entire 

length of said chemical supply pipe. 
25 ***** 
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